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Project Overview
- The Team

Funding from Earth Science Technology Office
3 year effort starting January 31, 2001

Key personnel

* Sara Graves - PI

- Helen Conover - Technical Lead

- Steve Tanner - Team Lead
Mohammad Alshayeb - User Interface
Evans Criswell - Operations Development
Drew McDowell - Executive Development
Michael McEniry - Hardware Testbed/OS
Kathryn Regner - Software Engineering



Project Overview
- EVE Requirements

Prototype a processing framework for the on-board
satellite environment.

Provide specific capabilities within the framework
- Data Mining
- Classification
- Feature Extraction
Support research applications
- Multi-sensor fusion
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- Intelligent sensor control

- Real-time customized data products

Create a laboratory testbed
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Project Overview
- Original schedule with enhancements

Year 1:
e Define and verify a software architecture for on-board processing
Build basic preliminary processing framework
Add initial operations - small and specialized
Support easy reconfiguration of operations and framework
Extend the architecture for branching and multiprocessing

Year 2:

e Port to real-time embedded environment in order to validate the
framework and its operations

e Develop a processing plan syntax
e Develop a Web-based user interface for plan development and test
e Incorporate operations from other sources

Year 3:
e Add data input components based upon known or expected sensors
Add other operations
Make significant user interface improvements
Port to Win-CE platforms for sensor web prototyping

Verify in a flight of opportunity if possible (OMNI, UAV, Flight
Linux, Ball Aerospace, TRW, etc.)



Porting the On-board
System to Win-CE

Rationale

e Supports an expanded base of platforms

- Including several UAV/UGV systems and many ground-based
sensor platforms

- Interest from DoD and industry for ground-based applications
including security, intelligence gathering, etc

TasKs
e Porting the RTLinux components to Win-CE

e Incorporating communications standards
- (e.g. Open 6rid Services Infrastructure, OGSI)

e Developing a process to enable the use of all current
operations on both RTLinux and Win-CE platforms

e Developing new operations specific to the platforms
e Incorporating new sensor hardware into the testbed
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Year 3 Activities

Provide Processing Plan Syntax for use by others
to develop new operations and on-board plans

Provide access to the prototype web based user
interface and the EVE system framework

Implement and add new operations to the system

Incorporate additional operations from other
sources

Increase data input components based upon known
and expected sensors

Provide event triggering across multiple platforms
Support the Win-CE environment



Design Overview:
What is a Plan?

A Processing Plan:
Specifies a set of operations and the
data stream connections between them

Operations

Data streams
m /\
‘ /.\
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Design Overview:
What is a Cart?

Holds the operations of a plan that will be executed as a
single real-time unit

Has knowledge of resource limitations on a platform and
resource usage of operations
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EVE Functional Flow:
Geﬁmg a plan on-board

2. The ground station
S sends the plan on to
EVE On-board the appropriate on-
System R boar'd system
3. The on-board -

system creates
the carts for

ﬁ execution

——

Qe
Ed1tor Ground Station

1. The user edits a processing plan  With SMAC

and sends an XML description to
the ground station
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EVE On-board
Architecture

Operations

Data Mining

Filtering

Image
Processing

EVE
Services

Science Process Scheduling and
Control

Interprocess Communications

Signaling of Events

Hazard
Detection

Science Processing Plans

Feature Custom Data
Extraction Product ppep——
Generation

Software
Testbench

Aﬁl

. Communications with the OS

7~

\

OS Interfaces ]

On-board processor and OS

[ Sensor

N
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[ Sensor ] [ Sensor ] [ Sensor ]




Editor Features

& EVE Editor: C:Temp'Plansplan_a_cam.eve ;lglil

File Edit Cart “alidate Metadsta Plan Anslysis Help

Ol 2 A v 2

Estimated Resources

J Cpu Usage: ;I
Maximum: 1710.0

Minimurm: 1710.0

Sum:; 1920.0

=
CPU Usage j
Actual Resources

Technology and Systems Center

F I E R SR E

Function: thrmber of rows in ;l
the mask
Type: size_t

Farameter: mask_data
orwalve_sohbel_| Function: the maskvalues
@; et Type: arrayimask_width x
%'_ f’i@‘_—PC 3'_——7‘* — mask_height) of number
user_to_Hf fram_rtf Slﬂm\

ta_rtf  user_fram_tf to_file Farameter: image_width
cunvulve_snbel_\r Running Flans

I

Ql'll-
i

/

REGAL

Function: the number of

\
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P1fmoaon
F2agreant
P3greent
Fdlgreen
Paiir

Get Resources | Stop Plan

Wiewing Offset
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f Centerl
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iClose up of Major Editor Features
:
'E‘ Edl."'"g E: Edit Cort Valdste Metadsta P PG
| D[l [ @ ]
: TOO'S\‘Z - % . . ” Estimated Resources
: #le Estimated \#;};ﬁm?;ﬂe ]
7| W Minimurn: 14
- L Resource 1,
_gll Car'.r. o / ﬁ"e I f 1.‘ |r-8nem|::l_lsage j
E bl."ld"\g il n or‘ma lon Actual Resources
ﬁ I ! ExeputinnTime: __;_I
1| fools 2 e
: = Actual —— T
= fare Running Plans
i | Operation - g""b“"d e i
¢ | Categories [/ EoOUce - i =
H % Usage : -(-B;tResnurcesl
W Yiewing Offset
[

Specific
Operations

Actual
On-board
Cart _Center

S — Information .-
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Close up of Major Editor Features (cont)

Operation
Metadata Access

Operation Linkage

Tools Plan

Validation

Tools
x

Label: I

Line Style [solid (olack) x|

Drag an available Target Fort to Selected Target Port heside Source Port
Awailable Target Ports:

in_scan

Awailable Source Forts:  Selected Target Port:

out

aut? in_scan

ADD'Y' Cancel I

& Metadata for convolve_sobel h

x|

----------- convolve_sobel f-------------eeeem-
Function: convolves a 2d streaming (by scanline) image

=P |Using a 2d mask

Farameter: mask_width

Function: the number of columns in the mask
Type: size_t

Farameter. mask_height

Function: the number of rows in the mask
Type: size_t

Parameter. mask_data

Function: the mask values

Type: arrayvimask_width x mask_height) of number
Farameter: image_width

Function: the number of columns inthe image
Type: size_t

Parameter: image_height

Function: the number of rowes in the image

ok

s

& Invalid Plan!

hﬂismatch in pararmeters for following operations:
convalve_sobel v and add
user_from_rtf and to_file

split and comvahie_sobel_w

comvolve_sobel_h and add

split and convalve_sobel_h

to_rif and user_fram_f

frorm_rf and split

add and to_tf

user_to_wf and from_rf
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Editor Enhancements: Usability

Improved Cart

Editing Tools

i Parameters

Configuration Parameter

Raw2

D_/_/_/_/_/_,_,_,_/—/—”’ HC
ﬂ“gﬁ raw2png

cart

I User

Parameter 1

Hame ||

Description |

Type | |

Registration

Execution Parameter

| of New

Port 1

Name |

Description |

Direction 4

Parameter Hame |

Operations

Parameter Description |

Parameter Type |

Resources

Memory Per Scanline

Description |

Formula |

ICPU Per Scanling

Description |

Formula |

Execution Per Scanline

Description |

Formula |

| Back || Finish || Cancel |

User
Editing of
Metadata

Raw2
G [
rawZpng video

L ——— ) |

'@

Operation Display Hame: |Li\re Image

Image Location: |defau|t

Group: |File hd

Property Hame: |
Component Type: |TextField ~
‘ Add Property | | Remove Property |

Source;TextField

Add Metadata H Apply H Cancel

5
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Editor/Ground-station/On-board system Enhancements:
Multiple Plans on Multiple Platforms

[ =1

File Edit Cart ‘slidste Metadsts Plan  Anslysis  Operstions YWindow  Help

ST 220 S
ADocuments and Settingshm CADocuments

Estimated Resources

=5 -

Each panel el N
represents a —=——— —

| Convolve |

se parafe plan ra\.l\:NG:]g ) Memory Usage () CPU Usage ) Exec Time
@ Actual Resources

“3“:
(=]
=

22 2 ¥4 Running Plans

Each plan has
its own set of
carts and

oper'a'l'ions ===

"
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] L] L] Center

[4] [7] [b] [4] [%] [p] 4] [ [+

Each plan has its own target platform, schedule, event
notification, etc.

U




dogy and Systems Center

=
£
3
ds
g
£
L
o)
Y
£
=

U

Processing Plan Example: Real-Time Edge Detection
e Branching and recombining

e Multiple carts, real-time and non-real-time

Cart 1

Get sensor

dat / @

Real-time
threshold

$"
.
.
o*

Branch

<

Find edges

Plan 1

convolve
(horz)

e,
.
.
N
°

image to_disk
Cart 3 -

(NRT)

L4
...
L4
L]

Recomby




Processing Plan Example (con't):
Real-Time Edge Detection

» Significant speed improvement
- 5+ images per second

» Can be used with many sensors

o
cnyﬂ@a_sh}gh\

— s e

frl:lm_l’tf Spllt\‘ /add

corvolve_sohel v

» Edge Detection output is
used by other processes

» Can be the basis for further
feature extraction plans
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On-board mining with EVE

Plan 1: Using operations
with a single sensor
(thresholding AMSU-A

T

~ AW EREA Y
W TREERYR

FUR.SEIN/SL '
Eulll WA 1

R AFRNTIN

WY I
YN VA

U TN .,

NS ¥y, .

Plan 2: Using
different opera
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Mining Plan | Execution of Multiple Plans on

000! Multiple Plat
o > Ofoﬂ ultiple agrms

— —
E—
—
— | |
— —
—r

MmzngPlan2
R — —— mmgPlan2



Prototype Application of EVE Technology:
Lightning Detection During Tornadic.Activity
Tornado in Cherokee /

County Alabama on
November 10, 2002

Flazshes per interva

Large increase in both
positive and negative
lightning strikes during th
tornado, as detected by eyt g
sensors _—

A
R
+ +
dig-: + 3
e
4 s

When an EVE plan detects a dramatic x

increase in lightning activity, an alert can %, ™® e
be sent to authorities, and the EVE plan can
begin looking for tornadic activity

During this tornado, 88 hom
destroyed 4 injuries and 1 fatality
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Uses of EVE for ESE's 23 Questions

How are the global precipitation, evaporation, and
cycling of water changing?

- EVE can be used to recognize when and where high
resolution sampling is required for pertinent atmospheric
conditions, and to direct sensors accordingly

What are the consequences of land cover and land
use change for the sustainability of ecosystems
and economic productivity?

- EVE technologies could significantly improve the utility of
NASA data for this type of regional monitoring, by
allowing decision makers to tailor delivery of NASA data
products based on their most immediate needs without
taxing their data storage facilities with large and
unnecessary volumes of data



Future EVE Technology Infusion Examples: Event Detection

Using Sensor dats
from Hurricane
Georges

Plume Detection and
Tracking

Composite of
3 channels
from AVHRR

NOAA-14 data
of Ruapehu
eruption plume

TerraSatellite of 9/11

Dust Storms



